Background: To date, research on stigmatization among cancer patients and related psychosocial consequences has been scarce and mostly based on small and highly selected samples. We investigated stigmatization and its impact on quality of life among a large sample including four major tumor entities. Methods: We assessed 858 patients with breast, colon, lung or prostate cancer from two cancer registries. Stigmatization and quality of life (QoL) was assessed with the Social Impact Scale (SIS-D) and the EORTC Quality of Life Questionnaire (European Organization for Research and Treatment of Cancer), respectively. Group effects were analyzed via analyses of variance, relationships were investigated via Pearson's r and stepwise regression analyses. Results: The mean age was 60.7 years, 54% were male. Across cancer sites, the dimensions of stigmatization (isolation, social rejection, financial insecurity and internalized shame) were in the lower and middle range, with the highest values found for isolation. Stigmatization was lowest among prostate cancer patients. Stigmatization predicted all five areas of QoL among breast cancer patients (p < .05), but only affected emotional functioning (p < .01) among lung cancer patients. Conclusions: We found an inverse relationship between perceived cancer-related stigmatization and various dimensions of QoL, with variation between cancer sites. Breast cancer patients should be focused in individual therapies regarding the negative consequences accompanied by perceived stigmatization.
Background
Health-related stigmatization is defined as a process by which a person is associated with negative properties due to his or her illness. As a result, the stigmatized person experiences devaluation by others and exclusion from social relationships [1] . Depending on the perspective, stigmatization can either mean stigmatizing attitudes and behaviors of a healthy person against ill persons or the perception and the consequences of stigmatization within the stigmatized person [2] . The negative consequences of perceived stigmatization can persist [3] and cause severe psychosomatic symptoms [4] . In many cases, the consequences of cancer-related stigmatization are even more distressing than the illness itself. In combination with social isolation and severe psychological and compliance problems, stigmatization finally results in a loss of quality of life (QoL) [5] [6] [7] [8] . Therefore, investigation of stigmatization and its consequences among cancer patients is of great clinical importance.
So far, research on the extent of perceived stigmatization among cancer patients and its potential consequences has been scarce. Among specific and mixed cancer sites, perceived stigmatization ranges from 13% to 80% [9] [10] [11] [12] . Among lung cancer patients, internalized feelings of guilt owing to preceding tobacco use contribute to heightened stigmatization [13] , even though its extent does not differ from the level among head and neck cancer patients [5] . Among breast and prostate cancer patients, stigmatization is additionally influenced by the loss of the female or male identity or sexual functioning. However, similar to colon cancer, those body changes are not always visible and therefore do not lead to high distress first. In the long-term, however, they can cause severe distress, exerted via withdrawal from social relationships (e.g. from employment) and supporting tendencies for stigmatization [12] .
Previous research is mostly based on lung cancer patients and showed significant associations (r > .5; p < .01) between health-related QoL and stigmatization [14] [15] [16] . In a recent study among lung cancer patients, Chambers, Baade et al. [17] found negative effects of stigmatization (internalized shame) on QoL (b = −.792, p < .05). The association between stigmatization (social rejection) and quality of life could also be shown among cancer patients with visible disfigurements (F = 2.55, p < .05) [18] . According to a review including 15 studies, the few studies on the relationship between stigmatization and QoL were mostly of low methodological quality [19] , with most results based on small and highly selected samples.
Given the lack of research and methodological limitations of previous studies, further research of stigmatization using larger samples is needed. We present data from a large register-based study including 858 patients across four major tumor entities. We aimed to answer the following questions:
1. To what extent do cancer patients feel stigmatized? Do levels of stigmatization differ between dimensions on the Social Impact Scale (SIS-D) and groups by cancer site? 2. Are there significant associations between the level of stigmatization and QoL? Do these relationships differ between cancer sites?
Methods

Data collection
Data collection from two German cancer registries (cities of Leipzig and Dresden) was carried out between May and September 2016. Trained personnel in the cancer registries extracted patients according to the inclusion criteria, namely (i) age between 18 and 75 years, (ii) time of diagnoses not more than 30 months before and (iii) new diagnosis or relapse. The selection of patients was stratified by cancer site in order to create equally sized groups despite different incidence rates. In total, 1748 patients suffering from either breast, prostate, colon or lung cancer were contacted by mail and asked to fill out the pen and paper questionnaire. If patients did not respond, they were reminded twice and asked for either participation or reporting their reason for non-participation.
Measures
Sociodemographic and medical data
Sociodemographic and medical data were assessed via self-report and included age, gender, marital and employment status, household income, time since diagnosis in years, UICC cancer stage, occurrence of metastases, type of cancer treatment and whether they were currently in treatment. The exact diagnoses according to the ICD-10 were transferred from the cancer registries.
Stigmatization
Perceived stigmatization was assessed with the validated German version of the Social Impact Scale (SIS-D) [20, 21] , encompassing four dimensions named isolation (Cronbach's α = .89; 9 Items, range 0-27), social rejection (Cronbach's α = .81; 6 Items, range 0-18), internalized shame (Cronbach's α = .81; 6 Items, range 0-18) and financial insecurity (Cronbach's α = .81; 3 Items, range 0-9). Three of the four scales of the German version slightly differ from the original version [21] . Items are rated on a 4-point Likert scale ranging from strong disagreement to strong agreement. The aggregation of all items to a total value (range 0-72) is possible and showed excellent internal consistency with Cronbach's α = .93 [21] . Examples of items are I feel others avoid me because of my illness (social rejection) or I feel others think I am to blame for my illness (internalized shame).
Quality of life
Health-related quality of life was assessed with the German version of the EORTC QLQ-C30, a multidimensional questionnaire of the European Organization for Research and Treatment of Cancer [22] . The instrument contains 30 items encompassing 5 functioning scales (cognitive, social, emotional, role, physical), 9 symptom scales (e.g. fatigue and pain) and single items (e.g. financial situation) as well as a global scale. The items are rated on 4-point Likert scale ranging from not at all to very much and on a 7-point Likert scale ranging from very poor to excellent (global scale). For our analyses, we focused on the five function scales, which were transformed to values ranging from 0 (worst functioning) and 100 (best functioning). Internal consistency (Cronbach's α) of the five functioning scales ranges between .72 (cognitive functioning) and .90 (role functioning) [23] . Examples of items are Do you have any trouble taking a long walk? (physical functioning) or Has your physical condition or medical treatment interfered with your family life? (social functioning).
Depressive Symptomatology
The PHQ-9 is the depression module of the German version of the Patient Health Questionnaire (PHQ-D) [24] , assessing depressive symptomatology with 9 items based on the DSM-IV criteria. The sum score can be used to determine severity of the depressive symptomatology.
Internal consistency (Cronbach's α) was .88 [24] .
Statistical analyses
Responders were compared to non-responders via chi-square tests (categorical variables) and t-tests for independent samples (variables with at least ordinal scale). Differences in stigmatization between cancer sites were investigated via ANOVA (1-and 2-factorial, including post-hoc-tests 
Results
Sample characteristics
As illustrated in Fig. 1, 9 .4% of the 1748 approached patients were deceased or could not be reached, leaving N = 1582 eligible patients. Of these patients, 858 participated at the study, leading to a response rate of 54%. Among the 724 non-participants, 65% reported their reasons for denial, the most frequent being "psychological burden" (11.9%) and "not interested" (6.5%). As presented in Table 1 , responders and non-responders differed with respect to diagnosis: The frequency of breast and prostate cancer was higher among responders; the contrary result was found for colon and lung cancer patients (p = .023). Furthermore, responders had lower tumor stages (p = .033). Participants had a mean age of 60.7 years, 54.4% were male 49.7% were retired. 34.6% were diagnosed with breast, 31.2% with prostate, 19.6% with colon and 14.6% with lung cancer. The mean time since diagnosis was 1.9 years and 66% were currently treated.
Extent of perceived stigmatization for each subscale and cancer site
As presented in Fig. 2 Since cancer site was highly confounded with gender (prostate cancer: all male; breast cancer: almost all female), we investigated whether differences between diagnosis represent gender effects. Therefore, we conducted a 2-factorial analysis of variance for the mixed gender groups (colon and lung cancer). These analyses showed only one significant effect, namely higher values for males in financial insecurity (p = .018). No further differences or interactions between gender and cancer group in the dimensions were observed. Therefore, we assumed that the shown differences between cancer groups are not caused or biased by gender effects.
Relationships between stigmatization and quality of life As presented in Table 2 , all bivariate correlations between the dimensions of stigmatization and the different function scales of QoL were ≥ .31, with all p < .001.
When controlling for depressive symptomatology, age, gender (only for colon and lung cancer) and time since diagnosis, stigmatization showed a negative impact on all areas of QoL among breast cancer patients (all p < .001 except for cognitive functioning). Among lung cancer patients, stigmatization only affected emotional functioning (p < .01). In colon cancer patients, significant effects were found for role, social (p < .001) and emotional (p < .01) functioning. Among prostate cancer patients, stigmatization significantly influenced physical, role (p < .01) and social (p < .001) functioning. Significant effects on QoL were also found for depressive symptomatology, which were higher than for stigmatization (standardized Beta; all p < .001). Further significant effects were found for age in breast cancer patients (negative impact on physical functioning with p < .001and positive impact on cognitive functioning with p < .01) and time since diagnosis in prostate cancer patients (positive impact on social functioning with p < .01). Gender was excluded in each of the models owing to non-significant effects in the stepwise processes. Explained variance in each model was acceptable ranging from 32% to 70%, being highest for emotional (60.3% to 70%) and lowest for physical (32% to 47.9%) functioning. Table 3 shows all models.
Discussion
The present study investigated the relationship between perceived stigmatization and health-related QoL among 858 cancer patients across four major tumor entities. We found that the level of perceived stigmatization was in the lower and middle range for all dimensions and slightly varied between cancer sites. Associations between stigmatization and different domains of QoL were shown for each cancer site, but were most extensive among breast cancer patients.
Our findings regarding the relatively low values of stigmatization correspond to the German validation study of the SIS [21] , which is even below our results. These differences can partially be explained by the relatively small sample (n = 139) and the inclusion of several other cancer sites in their study, e.g. hematological malignancies or genital tumors. However, to estimate whether the levels of stigmatization are problematic, representative studies among the general population would be needed. Furthermore, given the far reaching adverse effects of stigmatization, including the timing of health seeking behavior, even low levels are highly relevant and should be taken seriously. Our study further shows that patients scored highest in isolation. Isolation scores were particularly high in lung cancer patients. Lung cancer patients also reported the highest levels of internalized shame. This differences between lung cancer compared to other cancer sites is consistent with a study by Else-Quest, LoConte et al. [25] among lung, prostate and breast cancer patients, showing higher stigmatization among lung cancer patients. These elevated levels could be caused by feelings of guilt for having smoked [13, 26] . However, it has to be noted that we could only show group differences between lung and prostate cancer patients. Higher stigmatization in men, which were shown in previous studies [5, 13] could only be replicated for financial insecurity. Given that previous studies are mostly based on small and highly selected samples, our findings provide robust evidence that lung cancer patients are experiencing higher levels of stigmatization. We further found significant negative associations between stigmatization and all subscales of QoL, which could be replicated across all dimensions of stigmatization and areas of QoL. This is in line with previous studies, reporting relationships of the same magnitude [14, 15, 17] . Most importantly, the effect of stigmatization on QoL was also found after controlling for covariates such as depressive symptomatology. This shows the relative importance of stigmatization in the wide range of possible predictors of QoL. Furthermore, the effect of stigmatization was highest in predicting the emotional, social and role area of QoL. This suggests that stigmatization is a phenomenon mostly associated with the behavioral and interactional dimensions of QoL.
However, we also observed that the effect of stigmatization on QoL depends on the cancer site. For example, stigmatization predicted all areas of QoL among breast cancer, but only emotional functioning among lung cancer patients. This could indicate that breast cancer patients might suffer from stigmatization more severely than other patient groups. Lung cancer patients, however, could be more used to stigmatization and therefore desensitized (e.g. by having a smoking history). However, aside from such interpretations, it is also possible that the significance and magnitude of the effects is directly linked to different test powers due to the different sample sizes (Breast: n = 297; Lung: n = 125).
Depressive symptomatology significantly predicted QoL in all models, which is consistent with previous studies, particularly studies with lung cancer patients [5, 7] . The interrelationship between stigmatization, depressive symptomatology and QoL indicates that the effect of stigmatization on QoL could be mediated by depressive symptomatology [17] . Mediator analyses are highly warranted to validate such hypotheses. Such studies should also control for other factors predicting psychosocial distress such as tumor stage and metastases, which were associated with distress in our study.
A major limitation of the study is the cross-sectional design. To show cause and effect relationships, longitudinal studies are highly warranted. Furthermore, our four homogenous patient groups heighten internal validity but at the same time reduce the generalizability of our results for other cancer entities. However, our large sample including two register-based sources provides robust results in a research field which is rarely investigated. Data on psychosocial symptom burden before the cancer diagnosis was not available, which did not allow for non-responder analyses in terms of such distress.
Conclusions
Our results show that illness-related stigmatization among cancer patients is associated with considerable impairments in a wide range of areas of quality of life. Therefore, reducing stigmatization in cancer patients may lead to lower risks of developing longstanding psychological and psychosocial problems. Given our results, lung cancer patients should be focused in campaigns for destigmatization, whereas breast cancer patients should be focused in individual therapies aiming at negative consequences related to cancer-related stigmatization. 
